
ABSTRACT
Background: Returning to a satisfactory activity level is expected by patients after cartilage repair, and may define overall surgical 
success.

Purpose: To investigate: 1) the level and improvement in activity in patients at two years after matrix-induced autologous chon-
drocyte implantation (MACI), 2) what factors are associated with post-operative (and improvement in) activity level, and 3) 
whether patients are satisfied with their ability to participate in recreational and/or sporting activities.

Study Design: Prospective cohort.

Methods: One hundred and fifty patients that underwent MACI were included in this analysis (83 tibiofemoral and 67 patellofemo-
ral). All patients completed the Tegner Activity Scale (TAS) and the Knee Injury and Osteoarthritis Outcome Score (KOOS) pre-
surgery and at two years (range: 24-26 months) post-surgery, as well as a questionnaire evaluating satisfaction with their ability to 
return to recreational and sporting activities. 

Results: The TAS significantly improved (p<0.001) from 2.97 (SD 0.92, range 0-7) to 4.09 (SD 1.49, range 0-9), while the KOOS Sport 
significantly improved (p<0.0001) from 27.5 (SD 23.1, range 0-95) to 61.1 (SD 27.3, range 0-100). Overall, 88 patients (59%) 
improved ≥1 point on the TAS, while 121 patients (81%) improved ≥10 points on the KOOS Sport, previously reported as the mini-
mal detectable change for each. Patient age, duration of symptoms (DOS) and gender were associated with post-operative activity 
level, though body mass index (BMI), defect size and concomitant procedures were not. Overall, 128 patients (85%) were satisfied 
with their ability to return to recreational activities, with 99 (66%) satisfied with sport participation. The two-year TAS, and TAS 
improvement, were significantly associated with satisfaction in performing recreational activities (two-year TAS, rho=-0.42, 
p<0.0001; TAS improvement, r=-0.33, p<0.0001) and sport participation (two-year TAS, rho=-0.49, p<0.0001; TAS improvement, 
r=-0.37, p<0.0001). 

Conclusions: The TAS and KOOS Sport significantly improved after MACI, though only 59% of patients improved ≥1 point on the 
TAS. Despite this, 85% and 66% of patients were satisfied with their ability to return to recreational activities and participate in 
sport, respectively. Age, DOS and gender were associated with activity, and overall these findings can be used to provide realistic 
activity expectations to patients undergoing MACI.

Level of Evidence: Level 3, prospective cohort study

Keywords: Chondral defect, clinical outcomes, matrix-induced autologous chondrocyte implantation, movement system, patient 
satisfaction, return to sport.
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INTRODUCTION
Matrix-induced autologous chondrocyte implanta-
tion (MACI) is a cartilage regenerative procedure 
that involves an initial cartilage biopsy, followed 
by isolation and cultivation of chondrocytes ex-vivo, 
seeding of cells onto a collagen membrane and sub-
sequent re-implantation of the cell scaffold into the 
knee. MACI has demonstrated an ability to reduce 
pain and symptoms associated with full thick-
ness cartilage defects.1-6 However, while Zak et al.7 
reported that a reduction of symptoms is imperative, 
achieving a satisfactory post-operative activity level 
is often expected by the athletic patient,8 and may 
well define the overall success of the surgery.9

A systematic review reported that the rate of return 
to sport (RTS) varied from 75-89% after a range of 
knee cartilage repair procedures (osteochondral 
autograft and allografts, chondrocyte implantation 
and microfracture).10 A more recent meta-analy-
sis by Krych et al.11 also reported that overall 76% 
of patients RTS at mid-term follow up (mean 47 
months) after cartilage restoration surgery. While 
published evidence is relatively scarce on this 
topic, particularly with respect to MACI, Zak et al.7 
reported that participation in regular sports similar 
to pre-injury recreational levels and intensity is pos-
sible for most patients following matrix-associated 
autologous chondrocyte transplantation (MACT). 
However, a range of factors may affect post-opera-
tive activity level (in addition to ongoing knee prob-
lems), including family and work commitments, as 
well as other musculoskeletal and health concerns, 
particularly in a community level patient cohort (as 
opposed to professional and elite athletes). 

Given the limited research that exists on exactly 
what level of (and improvement in) activity MACI 
patients do attain after surgery, as well as what fac-
tors may affect post-operative activity and whether 
patients are indeed satisfied with their level of activ-
ity, this study sought to address these questions. The 
purpose of this study was to investigate: 1) the level 
of activity that a community level cohort of patients 
undergoing MACI attains at two years after surgery, 
2) what factors are associated with post-operative 
activity level, as well as the improvement in activity 
level after surgery, and 3) whether patients are sat-
isfied with their ability to participate in recreational 

and/or sporting activities. It was hypothesized that: 
1) patient activity level would significantly improve 
following MACI, 2) certain factors (including defect 
location and size, gender, age) would be associ-
ated with the level of (and improvement in) post-
operative activity level, and 3) a high percentage of 
patients would be satisfied with their ability to par-
ticipate in recreational and/or sporting activities at 
two years following surgery. 

METHODS

Patients
In this prospective study, 160 patients undergoing 
tibiofemoral (TF) or patellofemoral (PF) MACI were 
referred into a structured research program between 
July 2005 and April 2014, and followed for two years 
(range: 24-26 months) post-operatively. Patients were 
deemed suitable for MACI if they presented with 
symptomatic grade III/IV unipolar chondral lesions, 
assessed with the International Cartilage Repair Soci-
ety (ICRS) classification system, were 15-65 years of 
age and deemed able to follow a structured rehabili-
tation program. All patients underwent pre-operative 
magnetic resonance imaging (MRI) to evaluate the 
location, size and severity of the chondral defect, as 
well as other soft tissue damage. MACI was contra-
indicated in the presence of ligamentous instability 
(unless it was to be addressed surgically at the time of 
MACI surgery), prior extensive meniscectomy (>1/3 
meniscus), inflammatory arthritis and/or had varus/
valgus lower limb mal-alignment (as indicated by 
> 3° TF anatomic angle). Joint mal-alignment was 
clinically assessed by the orthopaedic specialist, and 
long leg alignment radiographs (Maquet views) were 
ordered if the surgeon felt that further investigation 
was warranted. PF patients also underwent computed 
tomography (CT) imaging to assess the degree (if any) 
of patellofemoral knee joint mal-alignment. Patients 
underwent surgery by six orthopedic surgeons (with 
≥8 years experience in orthopedic practice) operating 
out of five hospitals (four private and one public). 

Of the 160 patients that underwent MACI surgery 
and were recruited, 10 patients could not be located 
for the two year clinical review, so were excluded 
from the analysis. Therefore, 150 patients (93.8%) 
were included, including 83 in the TF joint (63 medial 
femoral condyle; 20 lateral femoral condyle) and 67 
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in the PF joint (35 patella; 32 trochlea) (Table 1). Of 
the 150 patients, 92 patients (61.3%) had undergone 
prior surgery including arthroscopy (n=88), micro-
fracture (n=4), partial meniscectomy (n=61), ante-
rior cruciate ligament (ACL) reconstruction (n=8), 
extensor realignment (n=4) and/or lateral release 
(n=15). At the time of MACI, 40 patients (26.7%) 
underwent concomitant surgery including ACL 
reconstruction (n=5), posterior cruciate ligament 
reconstruction (PCLR) (n=3), partial meniscectomy 
(n=10), high tibial osteotomy (n=4) and combined 
lateral PF retinacular release and anteromedial tibial 
tubercle transfer (TTT) (n=26). All PF realignment 
surgeries were undertaken in the PF MACI group. 
Ethics approval was obtained from the Hollywood 
Private Hospital Human Research Ethics Commit-
tee (HPH145), and the consent of all patients was 
obtained and their rights protected.

Knee Surgery
Initially, patients underwent arthroscopic knee sur-
gery to harvest a sample of articular cartilage from 
a non weight bearing area of the knee. At this time, 
the chondral defect, together with meniscal and 

ligamentous integrity, were evaluated. The chondro-
cytes from the cartilage harvest were cultured for 
approximately six to eight weeks and seeded onto 
a type I/III collagen membrane (ACI-Maix Matricel 
GmbH, Germany). In a second stage surgery per-
formed via open arthrotomy, the defect was pre-
pared and the loaded membrane was fixed to the 
subchondral bone. On pre-operative CT imaging, 26 
patients (all undergoing PF MACI) presented with 
lateralization of the tibial tuberosity >9mm, which 
was deemed an indication for concomitant lateral 
PF retinacular release and anteromedial TTT per-
formed using the Heatley modification12 of the Fulk-
erson technique,13 in combination with MACI.

Post-operative Management
Early post-surgery, all patients (PF and TF MACI) 
underwent 0-30° continuous passive motion (within 
12-24 hours) for a minimum of one hour daily; cryo-
therapy for edema control; ankle pump exercises; 
isometric quadriceps, hamstrings and gluteal contrac-
tions; practical education regarding proficient weight 
bearing (≤20% body weight), and education on how 
to fit their hinged knee brace (initially worn 24 hours 

Table 1. Patient demographics at the time of surgery, for both the tibiofemoral (TF) 
and patellofemoral (PF) patient cohorts.
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per day, and progressed as per the recommendations 
in Table 2). All patients participated in an out-patient 
rehabilitation program over a 12-week period, with 
ongoing advice and education provided up until 12 
months (and beyond) as required. Supervised by two 
primary therapists, rehabilitation over the period was 
undertaken by five therapists (Physiotherapists and 
Accredited Exercise Physiologists). An overview of the 
rehabilitation protocol followed is provided in Table 2. 
However, the progression of weight bearing, knee brac-
ing and exercises differed depending on graft location 

(TF versus PF) and size, concomitant surgeries (i.e. lig-
ament reconstruction, osteotomy etc.) and individual 
patient progression and load tolerance. Furthermore, 
while the exercise program consisted of a combination 
of supervised rehabilitation sessions (that became less 
frequent following the initial three months post-sur-
gery) as well as home (and pool) based supplemental 
exercises, the frequency and dosage of each individual 
exercise differed based on the exercise (and recovery 
time that may be required) and individual patient pro-
gression and tolerance to the exercises.

Table 2. Overview of rehabilitation undertaken by tibiofemoral (TF) and 
patellofemoral (PF) patients participating in the research program.
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Clinical Assessment 
Firstly, the TAS14 was employed pre-surgery and at 
two years post-surgery to grade current work and 
sporting activities. This reports on the patient’s activ-
ity level on a 0-10 point scale, ranging from sick leave 
or disability (0 points) through to elite competitive 
sports (10 points). Patients selected one of the lev-
els of participation that best described their current 
activity level. While the minimum detectable change 
(MDC) for the TAS has been reported as 1 point in 
patients with ACL injuries and meniscal lesions,15,16 
it has not been reported specifically for those with 
cartilage lesions or undergoing cartilage repair. Sec-
ondly, the Knee Injury and Osteoarthritis Outcome 
Score (KOOS) was employed in all patients. The 
KOOS is a knee specific questionnaire which includes 
five individual subscales: Pain, Symptoms, Activities 
of Daily Living (ADL), Sport and Recreation (Sport) 
and Knee Related Quality of Life (QOL).17 Each of 
these five subscales is scored from 0 (worst) to 100 
(best). The KOOS has proven valid, reliable and 
responsive to treatment following cartilage repair.18 
Specifically for this study, the KOOS Sport subscale 
was employed to evaluate the improvement in sport-
related activities (i.e. running, jumping, turning/
twisting, kneeling and squatting). While evidence is 
lacking to suggest an MDC for the KOOS Sport subs-
cale in patients undergoing cartilage repair, an MDC 
of 10 points is commonly employed.19 

Finally, at two years post-surgery a patient satis-
faction questionnaire was employed, based on the 
Self-Administered Patient Satisfaction Scale (SAPSS) 
developed by Mahomed et al.,20 though used pre-
viously for patients following MACI.3,6,21 This was 
employed to investigate each patient’s level of sat-
isfaction with the MACI surgery overall, as well as 
their satisfaction with MACI in relieving knee pain, 
improving their ability to perform normal daily activ-
ities, improving their ability to return to recreational 
activities and improving their ability to participate 
in sport. A Likert response scale was employed 
with descriptors Very Satisfied, Somewhat Satisfied, 
Somewhat Dissatisfied and Very Dissatisfied. 

Data and Statistical Analysis
Firstly, this study sought to investigate outcomes in 
community level patients undergoing MACI conco-
mitantly with a range of other surgical procedures 

(26.7% of patients in this sample). However, it is ack-
nowledged that these adjunctive procedures could 
influence post-operative activity and associated 
satisfaction so t-tests were employed to investigate 
differences in patient variables (age, BMI, defect size 
and duration of symptoms - DOS), the pre-operative 
and two-year post-operative TAS, as well as overall 
TAS improvement, between patients undergoing 
MACI with or without a concomitant procedure. No 
significant differences (p>0.05) were observed bet-
ween the groups in any variables, so these groups 
were collapsed and the entire cohort was included.

Repeated measures analysis of variance (ANOVA) 
was initially employed to investigate the mean 
change in the TAS and KOOS Sport subscale across 
the entire cohort from pre-surgery to two years post-
surgery. Furthermore, the number of patients that 
improved by ≥1 point on the TAS and ≥10 points on 
the KOOS Sport subscale over the two year period, 
considered as the MDCs for these measures, was 
reported. T-tests were employed to investigate any 
differences in patient demographics (age and body 
mass index - BMI), injury and/or surgery history 
(defect size and DOS) and the TAS (pre-operative 
TAS, post-operative TAS and overall TAS improve-
ment) within the following group comparisons: 1) 
TF and PF patients, 2) patella and trochlea cases (in 
the PF MACI cohort), 3) males and females, 4) defect 
size (≤2 and >2 cm2), 5) patient age (≤ and >40 
years), and 6) those undergoing extensor realign-
ment or not (in the PF MACI cohort). Pearson’s 
correlations were employed to investigate the asso-
ciation between the TAS and KOOS Sport subscale, 
as well as that between the two-year post-operative 
TAS (and TAS improvement) and: 1) patient age, 2) 
defect size, 3) DOS and 4) BMI.

The level of patient satisfaction with their ability to 
1) return to recreational activities and 2) participate 
in sport, was reported. Furthermore, the mean (SD) 
two-year TAS and mean (SD) TAS post-operative 
improvement was presented for each of the four sat-
isfaction domains (Very Satisfied, Somewhat Satis-
fied, Somewhat Dissatisfied and Very Dissatisfied) 
across the entire cohort, and ANOVA was employed 
to compare the TAS among these four groups. Spear-
man’s correlations were employed to investigate 
the association between the two-year post-operative 
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TAS (and TAS improvement) and patient satisfaction 
with MACI for improving the ability to undertake 
recreational activities and participate in sport. Sta-
tistical analysis was performed using SPSS software 
(SPSS, Version 19.0, SPSS Inc., USA), while statistical 
significance was determined at p<0.05.

RESULTS
Across the entire patient cohort (inclusive of all TF 
and PF patients), the TAS significantly improved 
(p<0.001) from 2.97 (SD 0.92, range 0-7) pre-surgery 
to 4.09 (SD 1.49, range 0-9) at two years post-sur-
gery. A mean improvement of 1.12 (SD 1.55, range 
-3-6) TAS points was observed. A total of 88 patients 
(59%) improved ≥1 point on the TAS, including 50 
TF patients (60%) and 38 PF patients (57%). Pre-
surgery, a total of 136 patients (91%) reported a TAS 
of ≤3 points. At two years post-surgery, 85 patients 
(57%) scored ≥4 points on the TAS, including 46 TF 
patients (55%) and 39 PF patients (58%).

Across the entire patient cohort, the KOOS Sport sig-
nificantly improved (p<0.0001) from 27.5 (SD 23.1, 
range 0-95) pre-surgery to 61.1 (SD 27.3, range 0-100) 
at two years post-surgery. A total of 121 patients 
(80.7%) improved ≥10 points on the KOOS Sport 
subscale, including 74 TF patients (89.2%) and 47 
PF patients (70.2%). A moderate though significant 
association (r=0.40, p<0.0001) existed between the 
improvement in the TAS and KOOS Sport, over the 
two year period. 

In comparing patients undergoing TF and PF MACI, 
there were no significant differences between the 
groups in age (p=0.799), BMI (p=0.901), defect size 
(p=0.676) and DOS (p=0.200), or the pre-operative 
(p=0.455), post-operative (p=0.672) and change 
(0.887) in TAS (Table 3). Specifically in the PF 
group, patients undergoing MACI for trochlea (ver-
sus patella) lesions had significantly larger defects 
(p=0.001); however, while both groups had similar 
TAS scores pre-operatively (p=0.918), the troch-
lea MACI group had significantly better TAS scores 
(p<0.0001) at two years post-surgery (Table 3). Fur-
thermore, PF MACI patients that required (and hence 
underwent) extensor realignment surgery had sig-
nificantly larger chondral defects (TTT = 3.4cm2, no 
TTT = 2.7cm2, p=0.020), compared with patients 
that did not require realignment (Table 3). Those that 

underwent concomitant extensor realignment had 
similar pre-operative TAS scores (p=0.953), though 
had significantly lower TAS scores (p<0.0001) at two 
years post-surgery (Table 3).

When comparing males and females, BMI was sig-
nificantly greater (p=0.002) in males, though no 
difference was seen in all other demographic and/
or surgical variables (Table 3). There was no signifi-
cant difference (p=0.221) in the pre-operative TAS 
based on gender, though males reported significantly 
higher TAS scores (p<0.0001) at two years (Table 3). 
Patients > 40 years (versus ≤ 40) of age demonstrated 
a significantly greater DOS (p=0.017) and defect size 
(p=0.008) and, despite similar TAS scores pre-sur-
gery (p=0.451), demonstrated a significantly worse 
TAS score (p<0.0001) at 2 years post-surgery (Table 
3). While those undergoing MACI with a defect size 
>2cm2 demonstrated a significantly lower (p=0.013) 
DOS than those with a defect size ≤2cm2, there were 
no other differences in patient demographics or pre- 
and post-operative TAS scores (Table 3). Correlations 
revealed that the TAS was significantly correlated 
with patient age (two-year TAS, r=-0.46, p<0.0001; 
TAS improvement, r=-0.35, p<0.0001) and DOS 
(two-year TAS, r=-0.31, p<0.0001; TAS improve-
ment, r=-0.24, p=0.003), though there was no sig-
nificant correlation with BMI or defect size.

Across the entire MACI cohort, 85% of patients were 
satisfied with the ability of MACI to improve their 
ability to return to recreational activities, 66% with 
the ability of MACI to participate in sport, and 85% 
were satisfied with the MACI surgery overall (Table 
4). The mean TAS rating at two years post-surgery, 
together with the mean TAS improvement, is shown 
in Table 4, according to the patient’s satisfaction 
level associated with improving the ability to return 
to recreational activities, improving the ability to 
participate in sport, and overall satisfaction level. 
When statistically comparing the mean two-year 
TAS (and TAS improvement), across the four satis-
faction responses, in response to whether patients 
were satisfied with MACI for improving recreational 
activities there was no difference (two-year TAS, 
p=0.242; TAS improvement, p=0.957) between the 
Somewhat Satisfied (two-year TAS, mean 3.79; TAS 
improvement, mean 0.82) and Somewhat Dissatis-
fied (two-year TAS, mean 3.39; TAS improvement, 
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mean 0.85) domains. This was also observed in 
response to whether patients were satisfied with 
MACI for improving sport participation, with no dif-
ference (two-year TAS, p=0.748; TAS improvement, 
p=0.724) between the Somewhat Satisfied (two-year 
TAS, mean 3.80; TAS improvement, mean 0.82) and 
Somewhat Dissatisfied (two-year TAS, mean 3.89; 
TAS improvement, mean 0.71) domains.

The two-year TAS and TAS improvement, were sig-
nificantly associated with patient satisfaction in 
performing recreational activities (two-year TAS, 

rho=-0.42, p<0.0001; TAS improvement, r=-0.33, 
p<0.0001) and satisfaction in participating in sport 
(two-year TAS, rho=-0.49, p<0.0001; TAS improve-
ment, r=-0.37, p<0.0001).

DISCUSSION
Limited re search exists on exactly what level of 
activity patients do attain after MACI, as well as 
whether patients are indeed satisfied with their 
post-operative activity level. This study sought to 
primarily investigate the level of (and improve-
ment in) activity that a community level cohort of 

Table 3. Patient demographics and between group comparisons: 1) Graft Location, 2) PF graft location (within the PF MACI 
cohort), 3) Gender, 4) Defect size, 5) Patient age, and 6) Those undergoing realignment (TTT) or not (within the PF MACI 
cohort).
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patients attains at two years after MACI. Second, it 
sought to investigate what factors were associated 
with post-operative activity level, as well as whether 
patients were satisfied with their ability to partici-
pate in recreational and/or sporting activities. The 
most important finding from this study is that while 
a significant mean improvement was observed in 
the TAS and KOOS Sport as a result of MACI, only 
59% of patients improved ≥1 point in the TAS and 
only 57% reported ≥4 points on the TAS at two years 
post-surgery. Despite this, 85% of patients were still 
satisfied with the ability of MACI to improve their 
ability to return to recreational activities, 66% with 
the ability of MACI to participate in sport, and 85% 
were satisfied overall with their MACI outcome.

This study employed the TAS as the activity-spe-
cific measure, with the KOOS Sport also reflecting 
change in sport-related tasks. A systematic review 
by Hambly22 reported that 88% of cartilage repair 

studies demonstrated post-operative TAS improve-
ment, though this spanned all cartilage procedures, 
with limited evidence specifically in MACI. The cur-
rent study demonstrated a significant mean group 
improvement of 1.12 TAS points; however, only 59% 
of patients demonstrated an absolute TAS improve-
ment (similar between TF and PF MACI), despite 81% 
of patients improving ≥10 points in the KOOS Sport. 
Furthermore, only 57% of patients reported ≥4 points 
on the TAS at two years, albeit the majority (91%) 
reported a TAS of ≤3 points before surgery. There-
fore, given prior studies report mean improvement 
in the TAS after cartilage repair,22 caution is required 
in interpreting mean improvement in the absence of 
data reporting individual improvement rates.

A number of factors may influence post-operative 
activity level. Firstly, this study did not demonstrate 
any difference between TF and PF MACI patients. 
However, while patients undergoing MACI for 

Table 4. The mean Tegner Activity Scale (TAS) at two years post-surgery, together with the mean TAS 
improvement (pre-surgery to two years post-surgery), according to the patient’s self-reported level of 
 satisfaction for three outcomes. 
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trochlea (versus patella) lesions specifically in the 
PF MACI group demonstrated significantly larger 
chondral defects, the trochlea MACI group actually 
had significantly better post-operative TAS scores, as 
well as overall TAS improvement. This finding was 
surprising, and may be related to the variation in 
geometry and loading of the two PF surfaces during 
movement. Furthermore, PF MACI patients under-
going concomitant extensor realignment surgery 
demonstrated significantly larger chondral defects, 
compared with patients that were deemed to have 
normal alignment undergoing MACI in isolation for 
PF cartilage lesions, and also demonstrated an infe-
rior improvement in the post-operative TAS. The 
evidence is mixed when evaluating the effect that 
prior and/or concomitant surgery (i.e. ligamentous 
and/or meniscal repair, TF or PF re-alignment) has 
on post-operative activity level and RTS, when per-
formed in combination with a cartilage repair pro-
cedure.7,23,24 A recent study reported similar clinical 
and radiological outcomes in patients undergoing 
TF and PF MACI (only Level 3 evidence), though it 
did not report pre- and post-operative activity.21 

Generally, younger patients have a higher likelihood 
of returning to sports9 and, as expected, the TAS 
was significantly correlated with age in the current 
study, with patients ≤40 years of age demonstrating 
better post-operative TAS scores and TAS improve-
ment, compared with those >40 years. While no 
association was observed between activity and BMI 
(or graft size), Pestka et al.25 reported that 73% of 
patients returned to sport after chondrocyte implan-
tation, though neither defect location nor graft size 
were associated with the return to physical activity. 
While the pre-operative TAS did not differ based on 
gender, largely as a result of patients being evalu-
ated in their symptomatic state, males reported sig-
nificantly higher TAS scores at two years. However, 
DOS in this study was significantly correlated with 
activity. Mithoefer et al.23,24 reported that the pre-
operative DOS did influence the rate of RTS in an 
athletic population. They further demonstrated that 
patients with a longer DOS had significantly lower 
TAS scores post-operatively. This is in contrary to 
Zak et al.7 However, these studies appeared to stratify 
DOS by either < or > 12 months. This may be fine 
if the maximum DOS is two to three years in which 

activity level may not change too much for even a 
healthy unaffected active individual, though recall-
ing activity over a longer time frame may prove dif-
ficult for many, while expecting activity level not to 
naturally change over five years or more, which is 
often unrelated to health (rather work, family etc.), 
is likely unrealistic. Therefore, in MACI patients it 
may not be appropriate to compare pre-injury to 
post-operative active level in patients with a longer 
DOS as reported in this study (the mean DOS in 
this study was 8.3 years and 7.3 years for TF and PF 
MACI patients, respectively).

Research reporting return to activity and/or sport 
rates after MACI is limited. After a range of carti-
lage repair procedures (osteochondral autograft and 
allografts, chondrocyte implantation and microfrac-
ture), 75-89% of patients returned to sports participa-
tion though this systematic review was undertaken 
in athletes.10 A more recent meta-analysis by Krych 
et al.11 also reported that overall 76% of patients 
RTS at mid-term follow up after cartilage restoration 
surgery, ranging from 58% (microfracture) to 93% 
(osteochondral autograft). Particularly in a commu-
nity-level patient cohort (as opposed to professional 
athletes), a range of factors will affect post-operative 
activity level above and beyond ongoing knee prob-
lems, including family and work commitments, as 
well as other musculoskeletal and health concerns. 
Erdle et al.26 recently reported that the pre-morbid 
level of sporting and recreational activities cannot 
be achieved at a minimum of 10 years after first-gen-
eration chondrocyte implantation, though they did 
not inquire as to when patients altered their post-
operative activity, nor the reasons behind this. The 
current study did not evaluate other factors that can 
contribute to post-operative activity, though these 
reasons for not attaining a higher activity profile 
must be acknowledged. This study therefore aimed 
to not only evaluate the actual post-operative activ-
ity level, rather it also assessed each individual 
patient’s level of satisfaction with what they could 
do, which may take into account these other factors 
not otherwise evaluated.

In this study, the TAS was associated with patient 
satisfaction in both performing recreational activi-
ties and participating in sport. However, while 59% 
of patients in this study reported an improvement in 
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the post-operative TAS as a result of surgery, 85% of 
patients were still satisfied with the ability of MACI to 
improve their ability to return to recreational activi-
ties, and 66% with their ability to participate in sport. 
This discrepancy may highlight the aforementioned 
issue in employing the TAS itself, whereby patients 
may be able to participate in a higher level of activity, 
rather they have reduced this due to other reasons. 
This may also provide rationale for the difference in 
the percentage of patients surpassing the MDC in 
the TAS (≥1 point, 59%) and KOOS Sport (≥10 points, 
81%) in the current study, whereby the TAS requires 
patients to report their current activity level, though 
the KOOS Sport requires patients to report their level 
of difficulty in performing sport-related tasks. It was 
interesting to note that when comparing the groups 
who were either Somewhat Satisfied or Somewhat 
Dissatisfied with their ability to undertake recre-
ational activities and/or sport, no group difference in 
the TAS existed. This would again suggest that there 
are other factors that will influence the patient’s per-
ceived satisfaction toward their ability to be active.

Some limitations are acknowledged in this study. 
Firstly, this study employed the TAS as its activity-spe-
cific score. The TAS does not evaluate the reason for 
change in activity that may be unrelated to the knee, 
and other activity scales such as the Noyes Activity 
Score27 could be considered in future research. Sec-
ondly, it did not assess the actual time to return to 
particular activities or sports, nor the level of pre-
injury activity level, rather only activity level (and 
associated restrictions) when symptomatic. There-
fore, this study cannot report on whether patients 
returned to their pre-injury activity levels; only that 
patients improved from their symptomatic state as a 
result of surgery, and whether or not they were satis-
fied with this post-operative level. Again, evaluating 
pre-injury activity is difficult in MACI patients given 
the often lengthy DOS (as seen in this patient cohort), 
unlike those who may undergo ACL reconstruction 
almost immediately after an acute ACL injury. 

Thirdly, almost 27% of patients in this sample 
underwent MACI concomitantly with another surgi-
cal procedure. While this can be seen as a limitation, 
a patient sample undergoing various concomitant 
surgeries is also a strength given this study sought to 
evaluate a community level cohort of patients who 

often undergo MACI in combination with a range of 
other procedures. A preliminary statistical analysis 
also demonstrated no differences in patient factors 
or TAS outcomes between those undergoing MACI 
alone or combined with another procedure. Further-
more, we acknowledge the range of defect sizes, and 
that smaller lesions may be amenable to alternative 
procedures such as microfracture. However, MACI 
was the preferred method of the treating surgeons 
referring patients for the research program. Finally, 
given this was a large cohort of patients undergo-
ing MACI for symptomatic knee cartilage defects, 
the group was heterogeneous with respect to graft 
size and location, concomitant procedures, patient 
age and other demographical parameters, diligence 
in rehabilitation, pre-operative activity/sport level 
and activity level desired post-surgery. However, 
this also presents a study strength, given it aimed to 
report on post-operative activity level (and satisfac-
tion with) in a community-level cohort of patients 
undergoing MACI, as opposed to an elite group of 
athletes.

CONCLUSION
The TAS and KOOS Sport significantly improved in 
patients two years after MACI, though only 59% of 
patients improved ≥1 TAS point. Despite this, 85% 
and 66% of patients were satisfied with their ability 
to return to recreational activities and participate in 
sport, respectively. Age, DOS and gender were asso-
ciated with post-operative activity. These findings 
can be used to provide realistic activity expectations 
to patients undergoing MACI.

REFERENCES
1. Basad E, Ishaque B, Bachmann G, et al. Matrix-

induced autologous chondrocyte implantation versus 
microfracture in the treatment of cartilage defects of 
the knee: a 2-year randomised study. Knee Surg 
Sports Traumatol Arthrosc. 2010;18(4):519-527.

2. Behrens P, Bitter T, Kurz B, et al. Matrix-associated 
autologous chondrocyte transplantation/
implantation (MACT/MACI) - 5-year follow-up. Knee. 
2006;13(3):194-202.

3. Ebert JR, Robertson WB, Woodhouse J, et al. Clinical 
and magnetic resonance imaging-based outcomes to 
5 years after matrix-induced autologous chondrocyte 
implantation to address articular cartilage defects in 
the knee. Am J Sports Med. 2011;39(4):753-763.



The International Journal of Sports Physical Therapy | Volume 15, Number 1 | February 2020 | Page 11

4. Bartlett W, Skinner JA, Gooding CR, et al. Autologous 
chondrocyte implantation versus matrix-induced 
autologous chondrocyte implantation for 
osteochondral defects of the knee: a prospective, 
randomised study. J Bone Joint Surg Br. 
2005;87(5):640-645.

5. D’Anchise R, Manta N, Prospero E, et al. Autologous 
implantation of chondrocytes on a solid collagen 
scaffold: clinical and histological outcomes after two 
years of follow-up. J Orthop Traumatol. 2005;6:36-43.

6. Ebert JR, Fallon M, Zheng MH, et al. A randomized 
trial comparing accelerated and traditional 
approaches to postoperative weightbearing 
rehabilitation after matrix-induced autologous 
chondrocyte implantation: fi ndings at 5 years. Am J 
Sports Med. 2012;40(7):1527-1537.

7. Zak L, Aldrian S, Wondrasch B, et al. Ability to 
return to sports 5 years after matrix-associated 
autologous chondrocyte transplantation in an 
average population of active patients. Am J Sports 
Med. 2012;40(12):2815-2821.

8. Della Villa S, Kon E, Filardo G, et al. Does intensive 
rehabilitation permit early return to sport without 
compromising the clinical outcome after 
arthroscopic autologous chondrocyte implantation in 
highly competitive athletes? Am J Sports Med. 
2010;38(1):68-77.

9. Mithoefer K, Hambly K, Della Villa S, et al. Return to 
sports participation after articular cartilage repair in 
the knee: scientifi c evidence. Am J Sports Med. 
2009;37 Suppl 1:167S-176S.

10. Campbell AB, Pineda M, Harris JD, et al. Return to 
Sport After Articular Cartilage Repair in Athletes’ 
Knees: A Systematic Review. Arthroscopy. 
2016;32(4):651-668 e651.

11. Krych AJ, Pareek A, King AH, et al. Return to sport 
after the surgical management of articular cartilage 
lesions in the knee: a meta-analysis. Knee Surg Sports 
Traumatol Arthrosc. 2017;25(10):3186-3196.

12. Heatley FW, Allen PR, Patrick JH. Tibial tubercle 
advancement for anterior knee pain. A temporary or 
permanent solution. Clin Orthop Relat Res. 
1986(208):215-224.

13. Fulkerson JP, Becker GJ, Meaney JA, et al. 
Anteromedial tibial tubercle transfer without bone 
graft. Am J Sports Med. 1990;18(5):490-496; discussion 
496-497.

14. Tegner Y, Lysholm J. Rating systems in the 
evaluation of knee ligament injuries. Clin Orthop 
Relat Res. 1985(198):43-49.

15. Briggs KK, Kocher MS, Rodkey WG, et al. Reliability, 
validity, and responsiveness of the Lysholm knee 
score and Tegner activity scale for patients with 

meniscal injury of the knee. J Bone Joint Surg Am. 
2006;88(4):698-705.

16. Briggs KK, Lysholm J, Tegner Y, et al. The reliability, 
validity, and responsiveness of the Lysholm score 
and Tegner activity scale for anterior cruciate 
ligament injuries of the knee: 25 years later. Am J 
Sports Med. 2009;37(5):890-897.

17. Roos EM, Roos HP, Lohmander LS, et al. Knee Injury 
and Osteoarthritis Outcome Score (KOOS) - 
development of a self-administered outcome 
measure. J Orthop Sports Phys Ther. 1998;28(2):88-96.

18. Roos E, Engelhart L, Ranstam J, et al. ICRS 
Recommendation Document : Patient-Reported 
Outcome Instruments for Use in Patients with 
Articular Cartilage Defects. Cartilage. 2011;2(2):122-136.

19. Roos EM, Lohmander LS. The Knee injury and 
Osteoarthritis Outcome Score (KOOS): from joint 
injury to osteoarthritis. Health Qual Life Outcomes. 
2003;1(1):64.

20. Mahomed N, Gandhi R, Daltroy L, et al. The self-
administered patient satisfaction scale for primary 
hip and knee arthroplasty. Arthritis. 2011;2011:591253.

21. Ebert JR, Schneider A, Fallon M, et al. A Comparison 
of 2-Year Outcomes in Patients Undergoing 
Tibiofemoral or Patellofemoral Matrix-Induced 
Autologous Chondrocyte Implantation. Am J Sports 
Med. 2017;45(14):3243-3253.

22. Hambly K. The use of the Tegner Activity Scale for 
articular cartilage repair of the knee: a systematic 
review. Knee Surg Sports Traumatol Arthrosc. 
2011;19(4):604-614.

23. Mithofer K, Minas T, Peterson L, et al. Functional 
outcome of knee articular cartilage repair in 
adolescent athletes. Am J Sports Med. 
2005;33(8):1147-1153.

24. Mithofer K, Peterson L, Mandelbaum BR, et al. 
Articular cartilage repair in soccer players with 
autologous chondrocyte transplantation: functional 
outcome and return to competition. Am J Sports Med. 
2005;33(11):1639-1646.

25. Pestka JM, Feucht MJ, Porichis S, et al. Return to 
Sports Activity and Work After Autologous 
Chondrocyte Implantation of the Knee: Which 
Factors Infl uence Outcomes? Am J Sports Med. 
2016;44(2):370-377.

26. Erdle B, Herrmann S, Porichis S, et al. Sporting 
Activity Is Reduced 11 Years After First-Generation 
Autologous Chondrocyte Implantation in the Knee 
Joint. Am J Sports Med. 2017;45(12):2762-2773.

27. Noyes FR, Barber SD, Mooar LA. A rationale for 
assessing sports activity levels and limitations in 
knee disorders. Clin Orthop Relat Res. 1989(246):
238-249.


